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The purpose of this research paper is to try to determine if 
high school laboratory experiments are meeting the objectives for 
which they ·were designed. If they are not, the areas that are in 
fault will be discussed and suggestions given for needed improvements~ 
The paper will also serve as a guide for the author and help hirn 
become more aware of shortcomings in supervising J;..1boratory exerciseS::. 
It will aid in correcting these weaknesses .. 
A study of the objectives of laboratory exercises is necessary 
to measure the effectiveness of laboratory techniques. A st.<:mdard 
for comparison is essentia 1 for the measurement of any quality or 
quantity. A sea le or ba 1:1. nee is used to determine weight or mass •. 
The sea le or balance is a standard for comparison. The ruler, yard-
stick, meterstick, or other standard is used to measure lengths. 
The objectives that 1:1.bora tory experiments are supposed to meet 
will be the standard used to determine whether or not the present 
laboratory methods are effective" 
There are four different methods used in the laboratory at the 
present time to accomplish the desired objectives.. Tbe method used 
amd the way it is used determine whether tbe experiment wil1 be a 
success or a failure. An understanding of each method is necessary 
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for a complete study of the effectiveness- of the exercise. There:-
f ore, a portion of this report will be devoted to a short discussion 
of the various methods used in laboratory classes;, and some of the 
advantages of each and the disadvantages of each .. 
Most of the report will be devoted to two phases relating to 
the effectiveness of laboratory procedures.. First,. a thorough 
study of the reasons underlying laboratory failures. will be presen-
ted.. Second, possible ways of helping the laboratory instructor 
become more effective as a teacher will be given. The results.. achieved 
in the laboratory depend upon the 1tJalf the laboratory is usedo The 
presence or absence of a laboratory exercise: does not guarantee, the· 
reailiza,tion or lack of rea liza:tion of the goals.,. 
Most of the information obtained for this report came from 
current li tera·ture such as magaz·ines and science digest&., Some of 
the ideas, which have essentially remained the same over a, period 
of time, were taken from older literature and books •. 
This report is not intended as a "cure-a lltt for the illnesses 
existing in many of the laboratory classeS>o However, if it serves 
as. an incentive for other teachers to examine their own programs, 




The nature of experience can be understood only by noting 
that it includes an active and passive element peculiarly 
combined. On the active hand, experience is trying, a 
meaning which is explicit in the connected term experiment. 
On the passive, it is undergoing. When we experience some-
thing we act on it, we do sometning with it •.•••• The connec-
tion between these two phases of experience measures the 
fruitfulness or value of the experience.I 
The high schoo 1 laboratory experiment, to be of va lue, must 
include both trying and undergoing. It should provide ample oppor-
tuni ty for questions to arise, then time and opportunity for ques-
tions to be answered to the student's satisfaction. 
The following list of laboratory objectives should be carefully 
considered by the laboratory instructor. 
IA.BORA TORY OBJECTIVES 
1. To arouse student interest 
2. To acquire and verify facts •. 
J. To realize the tenta.tive nature of factso 
4. To achieYe scientific attitudes. 
1. John Dewey, Democracy and Education, (New York, 1916), 
pp. 163-164 
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5. To practice scientific methods. 
6. To develop, laboratory skills. 
7. To provide drill in use of skills. 
8. To develop initiative and self-direction. 
9. To demonstrate cause-effect rel.a tionships. 
10. To provide some measure of student success. 
11. To inspire individua 1 research. 
Perhaps one of the principal objectives, certainly an important 
objective, of a la bora tor--.1 experience is to airouse student interest. 
This interest should not only be presented in the facts or current 
demonstrations, but should also extend to related phenomena. One 
interesting experiment should be the opening door for additional 
questions and the foundation for both personal study and future 
class experiments. The sensation of actual discovery is a part of 
interest. The student should come to feel what the scientist feels. 
He should encounter both the joys of discovery and the sorrows of 
failure. He should be able to meet unexpected results and have the 
privilege of working himself out of difficulties. 
A laboratory should be a pJ.ace to acauire and verify facts. 
Information should be gained with each experiment. The information 
rMy be scientific facts or the acquaintance with new procedure. 
These facts should be discovered as a, result of the student I s work 
a,nd not simply accepted upon assertion. 
The student should work so intensively with a subject that he 
realizes the tentative mture of facts and how little we know about 
science. He needs to realize that a,ccepted facts are open to ques-
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tion,. and are in a state of change because of the questioning. 
The student should be led to form the mental habits that are 
called the scientific attitudes. He needs to learn how and why to 
raise questions and the basis upon which to accept statements of 
others. 
At all times acquiring scientific methods ought to be a goal •. 
Students: should learn to pose reJavent questions, pJan procedures 
to answer the questions, solve problems, and recognize the factors 
that enter into success and failure. They need to draw proper con-
clusions from facts and expJain any discrepiences in the facts. 
They should learn to report on their work and be able to defend 
their procedure and conclusions. 
The skills of Jabora tory technique are important. The student 
should become proficient in the use of common :laboratory apparatus; 
he needs instruction and practice in their useo He should develop 
the ability to observe and measure accurately and evaluate his ob-
servations. 
The :laboratory should, above all, demonstrate the cause-effect 
reJationships. The student should be able to see for himself the 
actions and inter-actions of scientific principles. He should be 
allowed to discover the causes and effects of phenomena, to bring 
about certain effects. This is the true essence of science, to 
observe, even to take part in and to discover the circumstances. 
that bring about certain facts. 
The student needs to feel some success_. The greater his feel-
ing of success, the greater his achievement will becomeo He needs 
to undenrtand that failure can be an achievement if it leads to 
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greater effort. 
The fina 1 goa 1 should be individua 1 research. When the student 
has developed the skills and habits of experimentation he should 
undertake an original investigation. This will increase the value 
of the other objectives and bring about a greater appreciation for 
science and a deeper understanding of laboratory work. 
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CHAPTER III 
METHODS OF CONDUCTING IABORATORY EXPERUJENTS 
There are four genera 1 methods of conducting the laboratory 
tbat are in common use. Each of these methods has some merit if 
it is used with the correct kind of experiment and conducted in the 
proper manner. Each method also has certain inherent defects when 
used incorrectly. 
The method which is usually thought to exist in high school 
laboratory classes is the one in which the students do the actual 
experimenting and the instructor only supervises the experiment. 
This method can be a powerful teaching tool if it is handled properly. 
It should motivate the students to seek additional information by 
the scientific method. 
The other extreme is the one ths t includes no student experi-
mentation, and relies entirely on demonstrations carried out by the 
instructoro This has been used a great deal and r>.as certain merits 
such as requiring small amounts, of laboratory equipment and elimi-
nating most of the dangers connected with experiment.a tiono Its main 
weakness is due to the fact that students actually have no part in 
and no "feeltt for the experiment. 
Another method which is common in use is student demonstration. 
An individua 1 or group performs the experiment while the remainder 
of the class observe. The individuals or groups are rotated so that 
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at some time during the year each person has an opportunity to ex-
periment. This method requires only a limited amount of equipment, 
and still provides a small measure of individual experimentation. 
However, in a large class, ai student will have very little opp.or-
tuni ty to develop a laboratory tee hnique. 
~. combination of the three methods discussed is the most common 
procedure used, and it offers the best opportunity for an effective 
laboratory period. It can utilize the advantages of each of the 
other methods and avoid most of the disadvantages. For instance, 
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the dangerous experiments and those above the student level of achieve .... 
ment can be used as demonstrations by the instructor. This can 
be quite effective if the equipment is large enough and properly 
arranged so that all students can accurately observe the experiment. 
If the demonstration fails to yield the desired result, the instrctor 
and student5' should. try to determine the cause of the failure .. 
This can serve· a·s a teaching device. It is advisab~ for the in-
structor to perform the experiment before the laboratory period in 
order to become familiar with its faults. This type of procedure 
is especially useful in experiments involving the production of 
poisonous ga,ses. such as chlorine or the production of explosives:-, 
such as gun powder. The instructor who lets his students indiscrim• 
nately experiment with dangerous chemicals is "asking for a lawsuit••1• 
The ma in excuse for offering the student demonstration type of 
experiment is limited equipment and space in small schools. It should 
never be used where· it is feasible for individual experiments to 
be carried out. In some cases, this method is used for difficult 
experiments that can be done by the superior students in a cJass, 
but are too advanced for the average students. It also lends itself 
to some of the more dangerous experiments, because the instructor 
can observe the methods of the small demonstration group more ea·sily 
than he can observe individual experimentation. As with the instructor 
demonstrations, this type of experiment must be arranged so that all 
students can observe accurately. 
Individua 1 experimentation is preferable to the other methods 
in most cases. Only when the laboratory is too crowded, the equip-
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ment insufficient, or the experiment too dangerous or too complica t.ed, 
should the instructor resort to demonstration methods in the laboratory. 
CHAPTER IV 
CRITICISMS AND SUGGESTED I¥JPROVEivffi:NTS 
INTRODUCTION 
High school science laboraJtories, fail to meet the needs of the: 
students in many respects,. Alberty says, "Modern psychology of 
learning includes the acquisition of thinking, creativeness_, initia-
tive, and self-direction.ft'l 111ny of the science programs fail to 
produce these signs of originality. 
One hundred forty teachers, of science2 have listed the follow-
ing functions as the most important ones related to the laboratory 
activi tie so 
1. A mea,ns of securing information. 
2. A means of determining the cause and effect relationships. 
3. A means of verifying certain factors or phenomena:. 
4o A means of developing skills. 
5.- A means of providing drill. 
6. A means of applying what is known •. 
7. A means of helping pupils learn to use scientific methods. 
B. A means of carrying on individual researcho 
The s;tudy shows. that in relation to these function& of the 
1., :Ebrold Alberty, Reorganizing the High School Curriculum, 
(New York, 1953 ), Po ]O 
2. Milton o •. Pellai, ll!The Iaboratory and Science Tuachingtt, 
The Science Thacher, Vol .. XXVIII, No. 5, pp. 29-3Jl 
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laboratory and the objectives: for the science laboratory there are 
several areas, in which many schools have weaknesses,. Not every 
science program is at fault., nor are all weaknesses found in any 
one situation. They are presented here in order that each teacher 
may examine his program and determine whether it bas any of these 
faults. 
1,,, Student interest., initiative and self-direction are not 
given due consideration. Problems are not based upon the students 1 
needs and interests;. fuck of individua 1 planning eliminates ini-
tiative and self-directiono 
2. Concepts are taught by assertion by the teacher rather than 
as discovery by the student. 
J. The scientific attitudes are not practiced or developed •. 
4. There is undue regimentation in the choice of experiments 
and methods. Students are assigned problems that are identical and 
are expected to arrive at identica,l answers ... 
5. Necessary preparations are not completed before the experi-
ment begins. The student does not always understand the question 
and the procedure. 
6. The student does not achieve a feeling of success. Often 
he is met with unnecessary failure. 
7. Scientific methods are not taught and emphasized as being 
important in procedure. 
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8. There is neglect in acquiring proficiency an laboratory skills. 
The lack of experimentation and the experiments that follow a fixed 
format cause the skills to be neglected. 
9. There frequently is not suffitrdent time allotted for experimentso 
16 ... The value of individual research is not stressed. The student 
is not encouraged and guided toward individual effort. 
11. There is too much autorna tion and not enough opportunity for 
origin.a 1i ty e, 
In theory •••• the high school science laboratory should 
provide boys and girls with some of their most useful and 
exciting science experiences.. In fact high school lab-
oratories are of"tjn unimaginative, unproductive,, and even 
anti-scientific. 
These:criticisms can only be answered by correction of faults .. 
The faults can be remedied if teachers unfailingly keep the objectives 
of their course before them as a standard of the work being done. 
The student should be inspired to become a true scientisto He should 
question the statements of teachers and books in a scientific manner 
and prove or disprove them through investigation. It is necessary 
that scientific methods be used and scientific attitudes be developed. 
The work needs to be related to the interests of the students. Skills; 
need to be taught and practiced until the student becomes proficient 
because the results of unskilled Jaboratory work is often destructive 
to the students I progress .•. 
The eventual goal should be to achieve skills, methods, and 
attitudes that will enable each student to successfully carry out 
an individua 1 research project. The teacher should work toward this 
goal by becoming the guide and not the dictator in the laboratory. 
The student should be allowed to assume all possible responsibility •. 
J.. National Science Teachers Association, Quality Science for 
Secondary Schools, (Washington, D.C., 1960), p .. 8 
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STUDENT INTEREST A ND D!I TIA TIVE 
One of the primary objectives of a science course is to arouse 
student interest.. By the nature of learning, when a student is in-
terested in what he is learning he will take the initiative for indi-
vidu.al study and be more willing to explore new concepts.. The matter 
of arousing student interest is always a c ontroversia 1 issue. Almost 
every educator has a different point of view as to the methods that 
best arouse interest. Too often they attempt to meet the problem 
head on without sufficient attention to the underlying framework •. 
They ask apecific questions about whether the laboratory experience 
should precede, accompany or follow the class discussion. They 
become more concerred with the mechanica 1 aspects of the process 
and often fail to ask about how children learn science concepts.,4 
Advances into the interests of students are not made by direct 
at.tack, but by slowly teasing out the basic relationships. After 
they are established, the relationships become useful, general opera-
tion principles.. Teachers must know how to create an environment 
which will encourage the student to express his interests. This 
environment must include permissiveness and latitude for the student 
4. William w •. Cooley, "Challenges to the Improvement of Science 
Education Research"·, Science Education, Vol. XDT, No. 5, December, 1961, 
P•· 384 
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to develop· his interests •. Ti.me must be given to allow the student 
to follow his individual thinking pattern; his questions must be 
given due consideration, even if they are not of interest to the 
teacher. 
The problem in an experiment must spring to life in the mind 
of the student. The teacher should create situations which challenge 
the student's imagination. He should tantalize the student with 
questions relating to his eIWironment and then leave those questions 
unanswered. These unanswered questions are often the origin of the 
student 1s interest in tl:'1.e problem. The best problem solving occura 
when the student is self-motivated, when he performs an experiment 
because he desires to know the answer, rather than because he was 
told to do so. 
The teacher should realize that a problem for a student is not 
necessarily inh.erent in any question, interesting as it may be to 
the teacher. 
Science experiences are being built around the solving of 
problems which are significant to pupils rather than on 
answering of unimportant questions that stress the reca 11 
of unrelated scientific fact.5 
High School students often show an amazing Jack of desire to 
pursue new curriculums and methods of study or learning. Their 
Jack of desire is most apparent in areas that require the use of 
initiative, originality, or the ability to plan their own work. 
5. Gler1n 0 .. Blough and Albert J. Huggett, Elementary School 
Science and How to Teach It, (New York, 1951), p .. 8 
Their interest baa not been st:imula ted to make them desire the know-
ledge being presented., or they have not had the opportunity to plan 
their own work in order to learn the habits of interest.. Too high 
school should be concerned with basing its program on the needs, 
interests, and problems of youth in the field of science., Students:, 
need the experience of posing questions and being allowed to answer 
them... Instead., they frequent]¥ are answering questions that have 
been posed by the teacher or are having their questions answered by 
the teacher,., Either of these methods is de-adening to interest. 
Interest is a growing thing; it must be nourished with knowledge· 
and given room to grow through individual discovery. 
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TEACHING FACTS AND CONCEPTS 
In the teaching of concepts, possibly the greatest mistake some 
teachers make is their regimentation and demand for surrender to 
assertion. w ••• boys and girls can hardly be expected to evaluate 
infornation and to appreciate the tentative nature of science when 
so nany present-day school experiences require their almost, uncon-
ditional surrender to assertion. 11 6 This demand is contrary to the 
principles of learning and recognized by the scientist as actually 
anti-scientifico One of the principal objectives of a science course: 
is to learn to respect the tentative nature of scientific fact~ and 
cone lusions and to question the current state, of knowledga •. 
If accepting cone lusions of others without question becomes a 
habit, it is impossible for the student to develop truly scientific 
idea·s.. It is, therefore, wrong for students to be forced or even 
allowed to accept assertions until they can prove them by experiment 
or until the authority and basis for the statements have been e:sfab-
lished. Frequently science teachers fail to realize the importance 
of this training. The student 1s questions too often are not welcome~ 
The right and duty of the scientist to challenge facts and processes; 
is oft.en not recognized in classes; which supposedly hope to inspire: 
6.,, National Science Teachers Association, p. BJ 
ll6 
future scientists. 
A report of the Na tiona 1 Science Tuachers I Associa ti.on states: 
nscience cannot be taught in a vacuum of fac tsfl. 7 This "vacuum of 
facts" is present a 11 too often. Iabora tories are used according 
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to a fixed format to repeat the assertions that text books and teachers.. 
have already set forth. The idea of proving or testing is not always 
entered into. This type of laboratory at its best becomes a demon-
stration of an already accepted fact; at its worst it becomes a worth-
less and uninspired manipulation that accompli.shes nothing more than 
alienating the students. When laboratories are used to arrive at a 
fore-known conclusion, they are enforcing the habit of regim9ntation. 
The laboratory c~n and should be used as a teaching tool. The 
concepts that are so often presented as unrelated facts to be mem-
orized for later recall can effectively be presented in the labora-
tory as discoveries. Each concept can be categorized and c1assified 
at the time of its presentation, then it is easily related to what 
is already known. 
In chemistry, for example, the new ideas of atomic structure, 
valence, the nature of elementary particles' configuration, and 
the other basic concepts are entirefy foreign and have no relation 
to the students' backgrounds. These can be taught and related to 
each other in the laboratory. 
These concepts can be introduced with a study of the reactions 
of various metals with different acids of varying concentrations. 
7. Ibid., P• 82' 
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If equivalent mea·sures. of meta. ls are used the student will note a 
difference in the degree of activityo By ta.bluating the results. 
of the tests and listing the metals in an order of decreasing activity, 
the student will be ready to ask why the difference between various 
metals as effected by the same acids;., Here there is a discovery of 
a concept that leads to the related concepts of the composition of 
meta ls. 
The strategies for this teaching method according to Berger and 
Eaume18 are: 
lo To insure that the concept will be attained after 
the minimum number of encounters of relevant instances. 
2 •. To insure that a concept will be attained with cer-
tainty regardless of the number of instances one must 
test en route to a tta.i:nment. 
J. To minimiz-e the amount of strain on interference and 
memory capacity while at the same time insuring that 
the concept will be attained. 
ttiaboratory work which is not a mere repetition of classwork 
already covered is more interest-compelling and hence motivates a, 
pupil to a greater degree of learning.tt9 The need is for the pre-
sentation of true questions. Much can be gained by posing questions 
or by causing situations that will cause the students to raise ques-
tions that can be answered in 1abora tory experiments. While not a 11 
questions could or should be dealt with in the laboratory class period, 
the student can be led to select the most worthwhile ones for his 
8. Joel J. Perger and Hoi,rard B. Baumel, "Developing Concepts 
in High School Chemistry", The Science Thacher, Vol. XXVIII, No. 1, 
February, 1961, pp. 15-19 
9. Sister Ernestine lv'.19.ris, 11A Comparison of Inductive and De-
ductive Methods of Teaching High School Chemistry111, Science Education, 
Vol. XDl, Noo 5, December, 1961, P• 43B 
I attention. Accepted facts can be presented as being in question; 
by working to prove or disprove them, the student gains a grea,ter 
understanding of the facts:. Processes can be questioned as to pur-
pose and effectiveness.. The important thing to remember is that 
the questions need to come from the students and they should be 
encoura1sed to a,sk questions., 
At a 11 times that it is possible, the facts and concepts with 
which a, course is concerned: should be presented through laboratory 
experiment.. This method allows the student to see, for himself the 
ca:use-effect relationships, and to gain a fuller understanding of 
the workings of ba>sic scientific princip.;Ies:. Every effort should 
be, made to correlate the findings with what the students already 
know, and to develop: an understanding that will lead to discovery 
of new c oncep,ts ... 
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SCIENTIFIC ATTITUDES 
learning to know is not the whole of laboratory work; 
acquiring the ability to feel what a scientist feels 
is equally important.. In the laboraitory, the student 
. should be a tt:scientist for a day". He should encounter 
the joys and the sorrows of experimenting, the elation 
and despair. He should come upon the unexpected, run 
up blind alleys, and work himself out of tight places.10 
Feeling what the scientist feels can be very important in dev-
eloping correct attitudes of mind iri the studenta These attitudes have-
been called the "spirit of science"'• These attitudes. are frequently 
ignored in the high school laboratory. Often the student is regimented, 
encouraged to accept facts without justification, and not led to ap-
preciate the implications of science. One objective of the science 
teacher should be to develop scientific attitudes. 
The scientist has a sincere curiosity as to causes and effectso-
The student should have the opportunity to explore these relation ... 
ships; he needs to see and discover the cause-effect concepts of science. 
The scientific a tti tucles include a respect for others I opinions. 
The scientist will give consideration to the work and cone lusions of 
other scientists. The student needs to learn to respect the right 
of other students to hold different ideas, and give due value to 
their opinions. 
10. "Iabora tory Instruction in Genera 1 College Physics", 
American Journal of Physics., Vol. XY:V, October, 19.57, p. 437 
2-0 
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The student, while respecting other opinions, should develop 
a tendency to entertain honest and reasonable doubt in accepting dog-
ma tic or unsupported statements of fact or persorn 1 be liefs. He should 
learn to question fa,cts and opinions until he can prove or substantiate 
them. The questioning attitude should be developed. 
A desire to be accurate in observations is important. Only by 
creating a desire for accuracy can accuracy be assured. The student, 
if he realizes the importance of accuracy, will develop this desirable 
attitude., 
The scientist needs a willingness to hold conclusions as tenta-
tive and to suspend judgement until sufficient facts have been secured .. 
Often the student tends to draw conclusions without sufficient evi-
dence. He needs to be led to draw tentative conclusions as indicated 
by the factss and then continue working to prove his assumption .. 
The habit of planning before executing a problem-solving pro-
cedure is a basic attitude of science. To effectively arrive at an 
acceptable cone lusion, the student needs to plan his methods of exami-
nation carefully" 11 
The scope of scientific attitudes as defined by different writers 
is alrnost limitless. They should all be considered by the teacher and 
the basic ones accepted as a part of the laboratory training. The 
attitudes of a scientist are important in giving the student a feeling 
for science and a base for his growth in other science objectives., 
11. Claire W. Elmore, Orean KeesJ.ar and Clyde E. Parrish, "Why 
Not Try the Problem Solving Approach?rrr, The Science Teacher, Vol. XXVIII, 
No. 8, December, 1961, pp. 3:2-37 
Davis and Sharpe give the following as the scientific point of 
view. 12 They suggest these as the basic scientific attitudes. 
1. Command of factua 1 information. 
2. Familari ty with Jaws, principles, and theories. 
3. Power to distinguish between fact and theory. 
4. Comprehension of the cause-and-effect relationship. 
5. Ability to observe. 
6. Tendency to base judgement on fact. 
7. Abil.i.. ty to formuJa te working hypotheses,. 
8. Open-mindedness. 
9. Freedom from superstition. 
10. Apprecfa tion of the contributions of science to our 
civilization. 
llo· Apprec:i.a tion of ria tura 1 beau.ty. 
12. Appreciation of man's place in the universe. 
130 Appreciation of possible .future developments of science. 
Jlro Possession of an interest in science. 
Those who esfablish a sterile science laboratory without the 
inclusion of these attitudes of mind are causing students to miss 
the essence of science. 
12., Ira• C., Davis and Richard W. Sharpe, Science a Story of 
Progress and Discovery, (New York, 1940), pp.1ii-iv · 
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IDENTICAL ANSWERS 
When the i.nstructor plans experiments with the expectation that 
a 11 the students in the laboratory are to get identica 1 answers, problem 
solving is discouraged rather than encouraged. The student needs to 
discover his errors, select his data, weigh his evidence, and make 
judgements on his own. When experiments are carried on with every 
student expected to get the same answer none of these can be done 
realistically. The aim of identica 1 answers is unrelated to scientific 
objectives and a detriment to the science student.13 
A number of factors must be considered in the results of lab-
oratory experiments. It is more important tha.t students learn to 
recoe;nize errors and to account for their presence than always to 
get the correct answer. The solving of a problem necessitates trying 
a number of hypotheses a number of times in order to arrive at an 
answer that is acceptable as a cone lusion for the facts observed. 
The lack of skill, or the unequal skills, of the high school students 
will cause errors in procedure and in observations and measurements. 
The degree of error is not constant among high school students and 
neither is the degree of accuracy; so in truth, for the entire c1ass 
to achieve identica 1 answers is almost impossible. Even if by 
13 •. Elmore, Keeslar and Parrish, pp. 32-37 
2:.:1 
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accident they should all arrive at the same answer they would not 
necessarily draw the same cone lusions. 
Expecting identical answers calls for identical procedure and 
does not give the student any opportunity to plan and execute the ex-
periment in his own way. The student must have these opportunities 
if he is to develop the habits that are necessary to the scientist. 
Here the point of concern is not the solving of the problem, but the 
method o.f solving the problem. It is the method that is scientific in 
character. If an individual is to develop a reliable disposition to 
use scientific methods whenever he attacks one of his problems, he 
must have repeated opportunities to experience these procedures and 
to gain proficiency in using them, He should, through use, gain con-
fidence in their results and confidence in his ability to carry out 
a plan in a scientific manner. These methods of experiment cannot be 
taught by conversation or demonstration by the teacher. They can be 
learned only by actua 1 practice, by being used repeatedly in real 
'1 ·t t· 11 ' proo em s1 ua ions. ·'4 
Identical answers also negate the necessity for comprehensive 
reports of laboratory worko If each student, by the same procedure, 
manages to arrive at the same answer there is no real need for each 
student to report that he proceeded just as every other student did. 
He does not have a need to defend the conclusions that he draws, and 
he cannot cla.im any original effort or discovery., 
If an honest question is placed before the group and each stu-
dent given the opportunity to formulate his own specific question, 
}4. Ibid., p. 33l 
the possible hypotheses, and a procedure of investigation, then, 
though the initial question will be the same, each individual student 
will achieve an original experience. In allowing the student to plan 
his procedure, execute his own plan for investigation, draw; his own 
conclusions, and be forced to support them in a report, the labora-
tory is fulfilling its true purpose. 
FIXED IABORA TORY SCHEDUIE 
A laboratory period set at a certain hour a certain day every 
week has a tendency to become mechanical and to lack the sponteneity 
of a successful experience. 11 The laboratory work should never become 
in the estimation of the classes merely an adjunct to classroom in-
struction.nl5 The concept of performing an experiment simply because 
it is 11 lab day11 has no place in a science program. When students see; 
no need for a laboratory period and feel that no personal questions_, are 
involved, a·. laboratory experience is useless. The work should be prop-
erly motiva,ted ano. the students prepared for the experiment. 
The early proponents of "activity curriculumnr held that any 
activity wa.s learning. By their standards, if a student manipulated 
laboratory equipment for an hour, or engaged in any other activity 
for an hour, he should have gained an hour of knowledge.. Since to 
them mere activity ·was learD.ing there wa,s no attempt to connect 
a:ctivi ty and past experience or present interest. In contrast, the 
proponents, of subject centered curriculum stressed the acquisition 
of facts and information with no relation to activity. In fact, 
both subject and activity are important teaching devices if they 
a.re properly related, one complementing the other. Albertyl6st..a-1tea: 
15. Herbert Brownell and Frank B .. Wade, The Teaching of Science 
and the Science Teacher, (New York, 1925 ), P• 
16 ... Alberty, p. 141 
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ttin any complete learning situation activity and interpretation are, 
always presenttt •. 
The laboratory with a fixed schedule too often falls into the 
pitfalls of either the activity curriculum or the subject curriculum. 
The instructor of the set laboratory period should take extra care 
to see that it is effectively utilized by relating activity to the 
learning at hand. 11For effective problem solving to be accomplished 
by the students in the schools, the teachers must know how to create 
an enviromnent which will encourage problem solving.nel6 The teacher must 
overcome the idea that the problem is secondary in importance to the 
maintaining of schedule. If the student knows before time that one 
day of the week he will be in th.e laboratory he often fails to make 
the proper connection between the class instruction and the laboratory 
activity.. For the same reason, the instructor often fails to properly 
prepare either himself or his class to the best possible degree •. 
The answer to this problem is obviously to eliminate the fixed 
schedule for laboratory work. However, in most schools because of the 
limited time and the increased number of students enrolled in science 
courses coupled with the fact that im many schools several classes; 
may use the same laboratory facilities, this is not always possible. 
The possibilities of working with instructors of other classes to 
schedule the use of the laboratory facilities when they are needed 
for experiments and not on a rigid schedule should be explored. In 
some oases a more flexible arrangement might be madeo 
16. Peter Dean, "'Problem Solving Tuchniques in 'leaching Secondary 
School Physics", Science Education , Vol. XDT, No. 5, December, 1961, 
P• 399 
If this is not possible, and the instructor is faced!_ with the 
fixed schedule, he should make eYery effort to prepare the cla_sa to 
recognize- the need' of each laboratory experie nee and consider it unique .. 
Time should be spent in class raising questions for study so that at 
the beginning of the laboratory period each student has fL'Ced in mind 




Failures by the student should be, as far as possible, eliminated. 
The laboratory should give each student some measure of success. Actual 
failure to properly execute a plan of procedure is not so damaging 
to the student as discouragement from the feel of failure. Conditions 
should be under control so that the possible failure in procedure is 
apparent to the instructor. The instructor must be prepared to guid~ 
the student to the proper conclusions. The experiment that appears: to 
be a failure because it yields the incorrect answer can be considered 
a success if the student rea:lizes that it is a part of the experimenting 
process to fail, explains the reasons for errors, and attempts another 
experiment. The failure of an experiment is an excellent teachiri.g 
opportunity for the Jaboratory teacher. The teacher who shrugs off a 
malfunction misse5, the opportunity for teaching analysis of problem 
solving. The following evaluation of tactics used in problem solving 
may be used to illustrate to the student the cause of failure.,. 
1. Whether the problem was stated simply, clearly, and concise :cy- .. 
2. Whether the investigation was pJanned well. 
3 .. Whether the investigation wa0s carried out well., 
4. Whether the conclusions were empirically obtained by 
observa,tions and experiments., 
S. Whether the observations were accurateo 
6,, Whether the data were grouped and cJassified properly. 
7 o Whether the hypotheses. formed concerning the solution of the 
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problem accounted for a fair part of the available information, 
since some of the data might be incorrect or irrelevent., 
8 .. Whether apparatus was designed appropriately for the experiment. 
9 •. Whether the apparatus works properly •. 
10. --Whether ea;ch hypotheses wa,s. tested, used or e limihated--. 
11. Whether he tested his ideas again and again, and checked 
them against the work of &-t,hers:o 
». •. Whether objective measurements were used for which the limit:a; 
of accura:cy were known by the student .. 
13:, •. Whether the observations and experiments, can be verified'o. 
Jli •. Whether the concepts formed from the data: and from the sohltion 
of the problem were- soundo 
1.5. W'bether new problems and:; exw_riments, were suggested from 
the solution of his problem .. Ji'.7 
Often the student is faced with failure because he has not de·-
veloped the necessary skills for the procedure, that is called foro, The 
instructor shou]d attempt to build: the necessa,ry skills with the students 
and should guide them to procedures; that will not be beyond their 
present abilities •. 
.P;,; student may be faced with failure if the laboratory apparatus, 
is too complicated. "'In choosing apparatus the simplest forms which 
give satisfactory results.: are· always to be preferred. 11118 
Sometimes, it may not be best for students: to perform in the 
laboratory. Although the nece·ssary skills and procedures; need to be 
used and developed, the teacher may have to limit the participation 
]7. Donald Wynant Fluffmire, "Criterim for Independent Study 
Projects;!.', The Science Teacher, Vol. XXVIII, Noo 4, Jv.ay, 1961, P• 37 
18. Browne 11, p. 1$ 
in certaiin arerns at certain times because of the element of failure:. 
At times when the skill of the student is not adequate and his lab-
oratory experience is supposed to teach certain concepta., the teacher 
demonstra.tion method, a projection microscope technique or projected 
slides may be prefera~ble. For example, research of the relative values, 
of instructional processes in biology show superiority for the lecture· 
demonstration method over individual laboratory work by pupils when 
the principles of biology are being taught. Time spent by student&. 
Jl 
who a re inept in di sec ti on usua lly is a~tteuris h butchery which yields, 
when carried through to its encl specimens quite irnpossible of any 
satisfac to!'"'J study. l9 If the procedure is principally to teach a: bio-
logical principle the students deserve the opportunity to observe speci-
mens that may be studied. Often students who are not expert in disection 
become nervous and fear that the observations they are able to niake 
after disection will not be valid. They are like ]y to find pictures; 
of the biological specimens and draw or study from that. This procedure 
of finding and using pictures is in itself acceptable, but used' in 
place of expected performance it leads. to dishonesty and a sense.· of 
fa:ilure. 
19 •. Browne 11 and Wade, p. 245 
SCIENTIFIC METHODS. 
Often the student does not realize the basic principles with 
which he should be concerned.. To succeed in problem solving the student 
must have at his command certain methods of procedure.;.. H:l must be abJ.e, 
to organize, his scientific facts. into meaningful relationships.. fu: 
should be able to visualize:, them as new concepts .. , principles, and gen-
era liza1tions. The teacher 1s role is one of guidance tm~aird the habit 
of the use of scientific methods.. He should seek to get the measura-
of each student 1s thinking and reasoning ability, and call attention 
to unrecognized~ errors, false assumptions, and reasoning that is not 
logical.. Then the student will. become a--wa:rr:'e of and correct his faultS3 
in order to succeed at problem solving., 
The student should learn that science is basically the search 
for knowledge or truth. Scientists; use different methods: and devices: 
in order to arrive at the truth.. The student has this same right to 
his own methods, but he should know that finding an answer is not 
enough if the answer cannot be verified by others- using the same methodsos 
Each answer must be checked again and again, especially if it differs; 
from those of other experiments.. This concept of testing again and 
again is a part of the basic pattern of thought used by most scientists .. 
Even though procedure, differs:, this basic pattern of thought is so 
wide 1y used by scientists; that it l'.ais been called the scientific method; 
it consists; basically of these nine steps. 
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J... The existence of a problem. 
2. The analysis of the problem •. 
3. The formation of working hypotheses. 
4 •. The testing of each hypothesis. 
a.. Evide nee is gathered. 
b •. Two possibilities are considered for each hypothesis. 
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5. The elimination or modification of wrong or faulty hypotheses •. 
6. The formation of a tentative cone lusion. 
7. The checking of the tent.a tive conclusion •. 
B. The acceptance of the tentative conclusion as a fact •. 
9 .. The use of the new fact •. 20 
If the student is led to base his plans and methods on this 
scientific method many of his faulty plans and failures will be 
eliminated; his reasoning ability, skill in planning and carrying 
through with a certain plan will grow. 
This method is a part of the inductive method of teaching. 
Sister Ernestine Maris has carried out research21 indicating that 
the inductive method of teaching chemistry is superior to the deduc-
tive methodo 
Maris describes: the deductive method as being descriptive, which 
means the tradi tiona 1 type theory and descriptive chemistry given in 
the classroom lecture. In this method the laboratory manuals are fol-
lowed meticulous]y to perform experiments that have already been discussed 
zo •. Phillip Goldstein, How to Do an Experiment, [ed. Paul F. 
Brandween] , (New. York, 1957 ), PP• 9-lo 
21. :Viaris, pp. 436-443 
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in the class. The teacher takes the responsiblity for posing questions 
in systematic order. The student interest is not taken into consid-
eration. 
The inductive method is a procedure in which class work covers 
only theoryo The theory is presented in such a way as to elicit student 
response. The students question and then strive to answer their questions. 
The students discover Jaws and theories rather than rr.emorizing them. 
·rabora tory work stresses the investigative approach and is performed 
without the detailed directions of a laboratory manua lo The teacher 
gives latitude for independent problem solving. 
In the first plan of study there were twelve classes used. Three 
different teachers were involved. A tota 1 of four hundred thirty 
students entered into the study. There were six control classes and 
six experirne nta 1 c lasses • 
Before the study began the classes were given standard intelli-
gence tests. There were no significant differences in the intelligence 
quotient between the control classes and the experimental classes. 
All factors were held constant except the actual teaching method. 
The teachers used the same syllabus, the identica 1 texts, the same tests. 
All were followine the same time schedule. The same teachers taught 
both methods, one for the control classes and the other method for the 
experimental classes. 
The control classes were taught by the deductive-descriptive 
method. Their material was presented by lecture demonstration method 
and they followed laboratory manuals for procedure in experiments. 
The experimental classes were taught by the inductive method. They 
posed their own questions and used the investigative approach in the 
laboratory o 
At the end of the course the c 1asses were tested using the 
Anderson Chemistry 'lest and the Cooperative Chemistry Test, Form X; 
in every instance the inductive groups performed significantly better 
as measured by these tests. 
Being interested in the slower learner who was presented with 
inductive methods, Sister Maris compared the scores of students in the 
lower quartiles of the intelligence test. Again, those taught by the 
inductive method showed definite superiority. The slower learner 
profited as much if not more than the faster learner. 
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Maris concluded, ''After a year's course in general chemistry, 
inductively taught students have a more thorough knowledge of chemistry 
as measured by the Anderson and Cooperative Chemistry Tests, than do 
deductively taught students. tt22 
In phase two of the study there were thirty-four schools, fifty-
six classes, thirty nine teachers, and eighteen hundred students in-
volved. A mental ability test was given showing no significant differ-
ences between the twenty-eight control classes and the twenty-eight 
experimental chsses. The constants were the same as in phase one. 
All students were taught one unit on equation balancing in chemistry. 
Again, inductively taught students of both upper and lower 
quartile menta 1 ability groups surpassed those taught deductively. 
n11ence, it .~s concluded that students taught inductively are apparently 
22. Ibid., p. 439 
&.ble to grasp; the fundamental concepts of equation balancing better 
than students taught by the deductive-descriptive method. 1123 
23 ., Ibid., P• 441 
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IABORA TORY SKII,IS. 
In some science laboratoriea there is not enough emphasis placed 
upon developing the skills needed in the laboratory.. The skill.So are 
basic to laboratory work, and often mean the success; or failure of an 
experiment. .Acquiring skills, should a:id the students., to acquire, interest 
in science. The skills usually considered to be laboratory skills are 
the ability to plan procedure, to execute the plan, to measure and 
observe accurately, to select pertinent data, to draw logica;L conclus-
ions based upon the facts, and to use graphs, charts, and reports to 
communicate discoverieiao They ~nclude the ability to comprehend the 
reports of other scientists, and to recognize errors in one's work a,nd 
in the work of otherso 
· One of the most important functions of the high school science 
teacher is to offer opportunities for the students to conduct labora-
tory experiments .. 24 The purpose of these experiments should include 
the developing of skills. The teacher should consider the careful 
introduction and orientation of laboratory work. to the class in the 
light of the ultimate values derived from a correct start. 
As a beginning of the laboratory course the teacher should 
exp1ain the laboratory apparatus. He should give the students the 
24. :Marc A. Shampo, ttDo You Conduct Your Science Iaboratory 




names of com:rnon equipment and demonstrate its uses. The students 
need practice in setting up and disassembling apparatuso This know ... 
ledge and skill on the part of the student gives him confidence and 
adds to achievement later on. It saves time for the student to know 
what equipment to use and how to use it and facilitates the laboratory 
procedure. As a part of becoming acquainted with apparatus, the student 
should learn about its care and cleaning. The habits of cleanliness 
and organization are valuable work habits. Too often students are 
allowed to leave test tubes and beakers dirty and equipment disorganized. 
The laboratory experiment, if conducted as a manipulation of 
laboratory equipment, will build skills in this area of learning. 
However, the laboratory should also afford students the :firstriand ex-
perie nee s of solving problems, observing and collecting inf orrna tion, 
bringing experiment.a 1 and observa tiona 1 techniques to bear on a scientific 
problem, and practicing effective scientific communication in the form 
of a laboratory report. These skills are not being developed in the 
:laboratory which uses manuals with a fixed format and b1anks to Hll 
in with the correct answers. 
Mark25 has shown in his experiments that the continued use of 
the 1abora tory is necessary for the development of 1abora tory skills .. 
They cannot be acquired by reading or talking about them. P,e felt 
that in light of greater numbers of students in the classroom science 
courses, the greater content in current science curriculum, and the 
25. Steven J~ Nark, "Experimental Study Involving the Comparison 
of Two Methods of Performing Experiments in High School Chemistryn1, 
Science Education, VoL XTil., No. 5, December, 1961, pp. 399-1.iOJ 
attention that has recently been directed upon the needs for investi-
ga tion of laboratory procedures, it was important to discover which 
teaching method produced the most effective results. 
In ~.ark 1s experiments these two hypotheses were tested. 
1. No difference· bet-ween students t9.ught by experimenta,1 method 
and those t9.ught by control method in mastery of unreJated 
facts, principles, problems, equations, and symbols of chemistry 
is evident. 
2. There is no significant difference in abilities of students 
to interpret chemistry knowledge st9. ted in the forms of graphs, 
t9.bles, paragraphs, and diagrams between students taught by 
the control method and those taught by experiment9. l methods. 
In the research there were six schools represented. Two groups 
were in each school. There were one hundred twenty-five students in 
the experimenta 1 group and one hundred sixteen students in the control 
group. A test of menta 1 ability showed no significant difference be-
tween the two groups. The instructors were similar in background, 
intelligence, and years of experience. The communities were similar. 
The control and experimental groups performed the identical ten exper-
iments. 
The control group performed ten chemistry experiments according 
to directions similar to those found in most present laboratory manuals. 
The ma teria 1 -was discussed by the instructor before they performed in 
the laboratory. The students had no opportunity to pose questions, 
plan procedure, or draw their own conclusions. The results were re-
corded in blanks provided for this purpose. 
Experiment.a 1 groups devised methods of solving problems given 
to them before a discussion of that particular phase of work in the 
classroom. They carried out their individual experiments and recorded 
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the results on specia 1 experiment.a 1 sheets in the form of observations, 
equations, calculations, diagrams, and conclusions. 
After the ten experiments were performed tests were given to the 
two groups.. Ninety-eight times ou.t of one hundred the experimental 
group would perform better in the interpretation of chemistry know-
ledge expressed in form of graphs, tables, paragraphs, charts, and 
diagrams of experiments. 
¥Jark cone luded th.at in the light of this evidence, it would 
appear to be advisable for an instructor to use the procedures of the 
experimental group if he and his students are interested in the devel-
opment of the characteristics of the scientific method. 
As an aid in teaching laboratory skills Brownell and Wade26 
suggest that the results of the laboratory experiment should be written .. 
If a written report is reqt~ired the student has the responsibility of 
recalling, selecting, and properly relating the essential facts involved. 
Accuracy in these reports should be demanded so that the student must 
give his thoughts and attention to his work. The student who is ex-
pected to give a comprehensive report of his work is more likely to 
observe and measure carefully. He will have a tendency to draw more 
valid conclusions and will be prepared to explain the reasons for any 
errors. The written report is often a deterrent to discipline problems. 
In the laboratory the student may play or pass time idly, but when it 
comes to giving an acceptable written account of what he did and saw 
and what he thought about it, the demands must be met. 
26. Brownell and Wade, p. 28 
IA.CK OF EXPERH'.fENTA TION, THE TIME: l:i"'ACTOR 
The heart of any science course should be the laboratory. 
Unfortunately, this has not always been the case. Sterile 
and uninteresting Jabora tory exercises coupled with the 
contraction of the double 13.boratory period to a single 
period in most schools have reduced the biology laboratory 
to an ineffectual level so far as teaching real science is 
concerned. 27 
To :maintain its uniqueness and to achieve any rea 1 measure of 
success as far as the objectives are concerned, the science course 
must be taught in close connection with the laboratory. Students 
must observe phenomena rather than reading about or hearing about it. 
Too often, especially in the srna ller high school, the time alloted 
for the teaching of science is not sufficient. In most cases it is 
the laboratory work that suffers as a result. Students are frequently 
bombarded with facts, but given neither the time or the opportunity 
to prove them or to see the cause-effect rel~tionships as shown in 
the laboratory. 'l'hey read about and are told about scientific methods 
and scientific attitudes, but if they have very little experience in 
the laboratory, they cam.ot develop these characteristics.. The im-
portance of laboratory skills often is no more than words to high 
sc hoo 1 students. 
All schools, especially the small high schools, need a double 
period daily so a 11 work, preparation of 1.~ssons from experiments or 
27. Na tiona 1 Science Teachers I Association, p. 95 
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books, discussions, and solutions of problems can be accomplished •. 
The administration often is unaware of the problems of the science 
teacher in reference to time. The teacher should strive to have his 
time extended and to lead the administration to a greater understanding 
of the need for adequate laboratory time. 
Often those teachers who try to crowd experiments into the busy 
schedule of other class work find that even by giving the entire 
period to laboratory work there is not sufficient time for all students 
to complete an experiment and some experiments cannot be completed by 
any of the students. This leads to a feeling of failure by the students 
and is a detriment to teaching, especially in the fields of accuracy, 
care of equipment and careful reporting. 
If the extension of time is not possible the teacher must make 
all practicable preparations before entering the laboratory. The 
students should be familiar with the equipment they are to use and the 
plan they are to follow. The knowledge of how to use and assemble 
apparatus will facilitate the laboratory program. If students are 
instructed in the organization of equiprr.ent, they will not waste val-
uable time lookine for the necessary apparatus. While not desiring to 
rush the students into premature conclusions or hasty and inaccurate 
observations, the teacher should make them aware of the need to use 
all precautions against wasted time. 
It is possible, if planning and reporting of observations and 
conclusions can be done at another time, that the actual procedure 
of experiment.a tion could be completed in one period. Care should be 
taken to see that students do not start an experiment that cannot be 
completed in one period unless the student can return later to com-
plete it. Some times, if the experiment is of a type that may be 
left for a period of time and the facilities are available, the 
student may return at a free period or after school hours to com-
plete the work that he lqegan during the Jabora tory period., 
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INDIVIDUAL RESEARCH 
Often a high school laboratory does not have the time to effec-
tively answer a 11 of a student 1s questions. He feel.s dissatisfied 
because the e:speriments, while answering one question, give othera 
the chance to risea If properly channeled, this dissatisfaction is: 
good. It can be the means of meeting the objective of individual 
research. The student should be encouraged to carry out the investi-
gation by himself. Every student should at some time explore one 
conceptual scheme intensively so that he may sense the limitations 
of what we know about natural phenome,na. By intensive study he will 
develop his skills and gain valuable knowledge beyond what could 
logically be presented in the school laboratory period. He will alao 
come to a pprec ia te the te nta ti ve nature of facts and the cha lle nge s 
of scienceo 
It should be the teachers' responsibility to direct these in-
dividual studies to see that the information is valid and that faulty 
cone lusions are not accepted without furthur checking. The individua 1 
investigation should be, as nearly as possible, free from interference 
from the teacher, but, as far as necessary under his supervision. 
The teacher should not attempt to direct or control these investiga-
tions to the point of regimentation; he should allow the fullest 
possible measure of student individual self direction. The direction 
should be to help the student in areas where it would be to his 
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detriment to proceed in the started direction.. This would include 
areas where there is danger to students because of unsafe practices 
or where the students are following unscientific procedures: and are 
arriving at conclusions based on faulty observations or not in con-
formity with the facts. 
The National Science Teachers' Association suggests that the 
teacher check out J.abora tory equipment and reference ma teria 1 to 
students so that their work might be carried on at home.28 
The student should know how to carry out an investigation effec-
tive)¥. To carry out an investigation requires certain steps to be 
performed. The student should be aware of the implications of each 
of these steps. They are listed by Goldstein as these. 2 9 
1. The problem must be selected., The student should consider 
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his interests first. Of secondary consideration should be the pos-
sibilities for obtaining the proper equipment and material for his 
work. The problem should fall within his ability to execute. The 
scope of the problem must be considered in the light of the time he 
will have to devote to his research, and if necessary be narrowed to 
fit his situation. He should consider the possible dangers associated 
with the work. The problem should be one that is worthwhile. 
2. Various preliminary preparations must be made. The student 
needs to preceed his laboratory work with preliminary readings bearing 
directly on the problem. He should discuss the problem with someone 
who has a knowledge of the subject. He should investigate the basic 
28. Ibid., P• 132 
29. Goldstein, p. 63 
techniques that will be required and practice any that he is not pro-
ficient in. 
3 .. The investigation must be planned. The problem should be 
stated clearly and concisely. A p1an of procedure should be estab-
1ished involving the rriethods of collecting the necessary data. A list 
of the needed equipment should be made. Arrangements should be made 
for a pbce in which to work. 
4. The investigation must be carried out. The student should 
observe these rules for a well designed experiment.JO 
a. The experiment must have two parts for comparison: 
(1). the experimental or variable part testing a con-
dition 
(2). the check or control part which is kept constant" 
b. There must be only one variable-only one difference-
between the experimental group and the control group. 
c. There must be a JE.rge number of cases in both the exper:i.-
men ta 1 group and the c ont.,..o J. group., 
d. The experiment must be such that it can be repeated by 
any other person who wants to do so, ;rand who r.as the 
necessary skills. 
e •. The conclusion must not be expected to include a wider 
areac than the experimental materials allow. 
5. The observations must be recorded. The student should make 
a written record of his observations as they are made to insure future 
reca 11 and to insure against overlooking some detail that may later 
30. Ibid., pp. 40-41 
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prove to be important •. 
6. The data must be analyzed. The observations should be studied;'. 
important details should be taken into consideratI.on and unimportant 
details eliminated. Errors should be recognized and explained. 
Evidence tha. t supports the origina 1 hypothesis should be stated. 
7 o, The conclusions must be formulated. Here the student should 
be cautioned to work objectively and neither be too bold in assuming 
that evidence supports his theory if there may be reasonable doubt 
nor be too hesitant to accept valid proof. Remember that a conclusion 
is valid only for those conditions that have been tested in the 
experiment. 
8. The investigation and its results must be publicized. An 
irrvestiga tion is of no use to the public if they do not know about 
it. Publiciz~_ng both successful and unsuccessful experiments is 
useful to those who may desire to imrestiga te the same subject. In 
the case of high school students the publicizing will probably be in 
the form of a report to the other students.-
If tl1e student follows these suggested steps his experiments 
will probably be successfu] and he will gain from them. His appre-
ciation of science will increase and he will have h9,d. valuable ex-
perience with the scientific method of investigation.., 
AUTOMATION VERSUS OPENENDED EXPERIJIIJ.ENTS 
Too frequently the laboratory is reduced to an autorna tion type 
factory. A student has before him a manual telling step by step the 
procedure that he. is to follow for an experiment. Of this the National 
Science Tuachers' Association says, ttUtilization of the cookbook type 
of Jaboratory manuals and cJassroom workbook, both with prefabricated 
format, has very little place, other than as reference material. •• 113 1 
When this type of manua 1 is used the student is deprived of the most 
useful learning procedures. He has no opportunity to ~sk his own 
questions. The questions or problems are those of the author of the 
manual and may or may not be reJatea to the interests of the studento 
He cannot plan his own procedure because the experiment has already 
been performed in the manual with the exception of the actual manip-
ulation of equipment. He does not select pertinent data because the 
manua 1 provides specific questions and blanks in which to record the 
answers about his observations. He is told in advance what results 
are to be expected and what conclusions can be drawn. 
:Merely performing a manipulation according to printed 
directions and recording the results in the blank spaces 
in a book is not enough. Following the recipe is generally 
an acceptable procedure in cake baking, but our objective 
is quite different.32 
31. Na tiona 1 Science Teachers I Association, p. 121 
32. Blough and Huggett, p. 24 
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A teacher should consider the objectives of the course he is 
teaching; he will see tba t the automatic manipuJa tion type experiment 
will meet almost none of these objectives. The student will lose 
interest; he will not acquire scientific habits of practice or a tti-
tudes; he will not develop self direction; individual research will 
not be inspired; and the student will not gain the feeling of success: 
that comes from an original effort. 
49 
Except for the ability to use laboratory apparatus the student 
will gain none of the important laboratory skills. In this type of 
experiment the student becomes overly concerned with obtaining the 
correct answer as indicated in his marrua 1 and the desire to investiga,te: 
the causes for error or the significance of results is lost. 
A selected group of experiments in which detailed directions 
are kept to a minimum are valuable because they give the student 
the opportunity to devise s o:me of the procedure. Browne 11 and wade 
state one of the objectives of the laboratory thus: "To promote the 
development of a scientific attj_tude in pupils; to enable them to 
become skilled in the acquisition and organiw. tion of facts .11333 
These objectives can be achieved only if the student has actual personal 
experience in each of these areas. This means that he must take part 
in each of these areas and have a part in each facet of planning, 
observing, and concluding., When his skills have become developed 
through guided participation he will be ready to undertake and com-
plete an experiment that is totally his. 
In preparing the student to perform origina 1 experiments, the 
33;. Brownell and Wade, P• 11\. 
use of openended experiments is valuable. 11 0penended11 or mhonest 11 
laboratory experiments are ones that pose problems or questions but 
do not give the results.; or cause the student to anticipate answers 
before performing the experiment.. In these experiments every student 
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may perform in his own manner; each is allowed to plan a part of his 
procedure. Each can work according to his needs, interests, and abilities. 
If honest problems are presented the student must draw:; his own con-
clusions; thus he completeso an experiment with sa,tisfaction. The com-
pletion of the experiment becomes less important than taking the re5:,.. 
ponsibility for conceiving of new directions and then following them 
through .. 
Open.ended: experiments will help to decrease the automation 
of the laboratory experiment. The work will become real experimen-
tation, meaning trying, rather than a manipulation.. These experiments 
will also lead to the acquisition of necessary skills. By beginning with 
simple exercises and questions and leading in a step-wis~· fashion to more: 
complex., openended e:x::periments, the student is introduced to the el.e-
menta, of scientific investigation. Students cannot be expected to 
go immedia,tely into scientific habits or to comprehend the scientific 
functions well enough to plan and execute experiments without super-
vision.. However, the eventual plan should be, through observations 
and experiments, to lead the students to science understandings that 
will cause new experiments and observations~ m0penended experiments are: 
distinctive because students cannot anticipate the answers before they 
start the experiments. 113h. The students pose questions and then answer 
34 •. National Science Tuachers' Association, p. 96 
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them... Scientific attitudes, will be applied here as they should be •. 
The student will use what he already knows and the skills he already 
developed to answer questions to the be Gt of his ability. He will 
be expected to present and defend his conclusions using what he has: 
personally observed •. 
Thirty-one of the openended experiments have been prepared for 
use in the high school by the Minufacturing Chemists' Association 
and are published by Henry Holt Company.. In these the student reports, 
on his experiment in his own manner and includes evidence for con-
c lusions •. Evidence is based upon observations. In no case is the 
student asked to supply a word in a prefabricated sentence. 
After a study of the results of openended experiments in a 
biology c J.a ss Simmons reports:. 
A high leve 1 of academic performance in a specialized 
skill results: when the biology class is up-graded by 
a set of openended investigations, in which students, 
utilize new, techniques, develop their own format and 
record their own observations and findings.35 
Fie found that in this type experience there was time for more:, 
individual a,ttention for each student. The students were benefited 
because each worked at his own rate and -was not compared to the 
other students in length of time spent in investigation. 
35. 1'18.itland P. Simmons, nRevita,lize Your Biology Course 111, The 
Science Teacher, Vol. XXVIII, Noo 8, December, 1961, pp. 50-54 
CHil.PTER V 
CONCIDSION 
The effectiveness of the high school Jabora tory depends to a 
great extent upon the way that the Jaboratory is used, the prepe,ration 
of both students and teachers, and the careful pJE.nning of Jaboratory 
exercises to further the_ objectives of the Jaboratory. The teacher--
should use the objectives for his course of study as a guide to both 
the type of Jaboratory work and the procedures. •. 
The interest of the students is paramount in any teaching sit-
uation.. The problems should provide for the growth of interest and 
the stimulation of new interests. A part of this interest arousal 
is the method of presenting facts and concepts:-.. The facts, tba. t are 
a discovery of the student have more inherent interest than those 
that are presented as an assertion by teacher or textbook .. 
Successful science students have accquired. th..e habits of thought 
known as scientific atti tudeSo. Tl1e teacher should strive to create 
an atmosphere that will foster the growth and use of scientific a tti-
tudes_. At a 11 times the student should have some part in the posing 
of questions and planning of procedures for anmrering those questions. 
The practice of expecting identical answers from all students or of 
al-1,.,ays baving an entire cla.ss work on identical prob1ems is detri-
mental to the development of scientific attitudes. 
The student should expect a certa.in measure of success in his 
work. This can be attained if he has acquired the habit of using 
scientific methods in his 1aboratory work and if he has ample oppor-
tunity to develop the necessary 1abora tory skills., Student failures 
can be minimized by careful p1annin..g of the lvork and by presenting 
the concept that failures are a part of success because they should 
lead to more and better efforts.,, 
The scheduling of Jabora tory exercises is of importance to the 
success of the 1abora tory experience. When possible, the .fixed Jab-
oratory schedule that may become routine and meani:ri..gless should be 
avoided. The preparation and planning .for the laboratory period 
become even more important if the fixed schedule is necessary. In 
scheduling., the instructor should be sure to allow enough time .for 
the problems to be solved satisfactorily. 
Individual research needs to be fostered.. When the student& 
have the interest and necessary skills., they should be encouraged 
to attempt a project outside the classroom.. The guidance from the 
teacher should be kept to a minimum, but should be present when 
necessary .. 
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Ope ne nded experiments are of subs ta ntia 1 value to the laboratory 
instructor. They provide the student the opportunity to have indivi-
dual planning and tb..e experience of drawing valid conclusions from what 
he has observed., The openended experiment is an aid in overcoming 
the automation type laboratory experiments· that are often presenvc:1d 
in laboratory manuals.. The need to provide experiences for students 
with different levels of achievement, different interests, skills, and 
working speed are easily met through the use of different problem 
solving si tua tlons .for each as provided by partially perpared open-
ended experiments. These experiments are suggestions for problem 
solving that leave much of the actua 1 planning to the individua 1 
student. 
The success or failure of the laboratory is largely the res-
ponsibility of the instructor. The following check test has been 
devised as a guide for the instructor to use, with any personal 
modifications, to help insure the success of a laboratory experienceo 
A CHECK T'lS T FOR EFFECTIVE NESS 
1. Does it illustrate a principle? 
2 ., Does it conform to scientific methods? 
3. Does it arouse interest? 
4. Does it answer the students I questions? 
5. Does it cause other questions to be raised? 
6. Is it related to the current work?.' 
7. H9.s the necessary preparation been made? 
8. Is it safe for students? 
9. Does it insure some measure of student success? 
10. Is the alloted time sufficient? 
11 •. Will it cause students to develop skills? 
12). Does it provide for individua 1 differences? 
lJ. Does it provide sufficient pupil participation? 
Jl.i. Does it ca 11 for accurate reports? 
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